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ABSTRACT
Deep-sea hydrothermal vents on mid-ocean ridges are ephemeral habitats that 
result from volcanic and tectonic activity. Vent communities on the northern East Pacific 
Rise (EPR) have been well studied with photo-imaging techniques since an eruption early 
in 1991, but quantitative samples have been lacking. The EPR is a fast-spreading center 
and vent fields are short lived; they can form and die in a period of days to 20 years. 
Community structure of megafaunal species at vents is therefore directly related to, and 
affected by, these cycles.
At vent fields, mussel beds form discrete habitats that allow us to make 
biodiversity comparisons with quantitative samples. In December 1999, multiple 
quantitative samples were collected from each of the three sites on the EPR (East Wall, 
Train Station, Biovent) to determine biodiversity of the macroinvertebrates associated 
with mussel-bed communities. In December 2001, a second set of quantitative samples 
was taken at the same 3 sites for time-series comparisons of community structure. 
Chronoseres samples were taken from 2 additional mussel beds (Mussel Bed at 9N and a 
site at 1 IN) to examine long-term changes of abundance, species richness, and species 
composition as the mussel bed ages.
Short-term time-series results show no significant change in the number of 
species, in the dominant species or in overall species richness between 1999 and 2001, at 
all sites. There was little difference in taxonomic composition and no significant 
difference in total abundance between the two years, with the exception of the abundance 
of mussel recruits (< 5 mm). In 1999, mussel recruits made up 70 + 5% of the total 
number of mussels sampled; in 2001, mussel recruits accounted for <1% of the total, 
despite comparable sampling efforts. This is consistent with episodic rather than 
continuous recruitment of mussels at these sites.
Chronoseres data showed decreases in abundance and biovolume over time and 
this is consistent with previous studies on the southern EPR, where decreased fluid flux 
and temperature were the driving forces for these changes. Our data provide evidence for 
stability in mature hydrothermal-vent mussel beds exposed to constant environmental 
conditions (temperature and fluid flux) over a two-year period. Additional time-series 
work is needed to determine the extent to which this occurs over the lifespan of a mussel- 
bed community and if a predictable macroinvertebrate successional pattern can be 
established.
STABILITY AT HYDROTHERMAL-VENT MUSSEL BEDS
INTRODUCTION
Since their discovery in 1977, hydrothermal vents have been characterized as 
dynamic and ephemeral environments, with fluctuating parameters such as temperature, 
chemical concentration and fluid flow (summarized in Grassle 1986, Hessler et al. 1988, 
Haymon et al. 1991). Fluid flow channels and patterns at vents can be changed when 
faulting occurs at tectonically active spreading centers (Klitgord & Mudie 1974, Crane & 
Ballard 1980). Subterranean dilution ofhot-end member fluid causes areduction in flowrate 
and lowers hydrogen sulfide concentrations (Hessler et al. 1988). This may also result in 
clogged channels due to subsurface precipitation (Haymon & Macdonald 1985). These 
parameters demonstrate the importance of changes in fluid flow patterns since they are 
responsible for the extinction of some vents openings or the formation of new ones (Hessler 
et al. 1988). The distribution of megafaunal communities at vents is dependent on fluid flux 
and water chemistry characteristics and changes in these conditions can significantly affect 
the longevity of a community, as well as the community structure and biological succession 
over time (Hessler et al. 1988). Given the dynamic nature of these vent systems, 
understanding temporal changes of vent communities has been a focus of numerous studies. 
In spite of the large amount of information available regarding temporal changes in 
megafaunal vent species, direct biological evidence has been lacking on the possibility of 
community stability.
2
3While there has been much debate over the issue of community stability in marine 
ecosystems, some shallow-water benthic systems have been shown to reach a stable or 
persistent state (Fager 1968, Pearson 1975, Josefson 1981, Gray et al. 1985). There are 
many definitions of stability (Lewontin 1969, Margalef 1969, Rolling 1973, May 1973, 
Orians 1975, Westman 1978, Connell and Sousa 1983, Pimm 1984, Wolda 1989, Grimm et 
al. 1992) but most of these are concerned with stability in terms of disturbance events and 
the recovery responses of communities. More specifically, dynamic environmental 
conditions are the baseline of these studies, in contrast to an unchanging environment. Other 
studies have defined stability in terms of little or no change in the total number of individuals 
or species (Fager 1968, Buchanan et al. 1978, Pearson 1975, Orians 1975, Davis and 
VanBlaircom 1978, Josefson 1981, Gray et al. 1985).
Dominant species in an Oslofjord soft sediment community (shown to undergo little 
seasonal environmental variations; Valderhaug and Gray 1984) showed little change in 
abundance over a two-year period, although rare species were highly variable (Gray et al. 
1985). This indicated that within the community, increases in the abundance of some species 
were compensated with decreases in others to maintain a consistent structural pattern (Gray 
et al. 1985). Similarly, Buchanan et al. (1978) found a long-term increase in the abundance 
of the dominant species over a 7-year period, but these were accompanied by decreases in 
other species, once again demonstrating dynamic equilibrium. These findings were 
comparable to the stability observed in the benthic communities of two Scottish lochs by
4Pearson (1975), where there was a consistent pattern of individuals among species, yet the 
dominance of individuals varied over the 3-year period studied (Pearson 1975). Common 
species of two soft-bottom communities in Skagerrak also showed stable equilibria over a 
5-year period (Josefson 1981). Fager (1968) found constant abundances of dominant 
epifaunal species on the subtidal sand plain at La Jolla, California during a 6-year study. 
However, a subsequent study 11 years later in the same area by Davis and VanBlaircom 
(1978) reported large-scale fluctuations in densities of the dominant species compared to data 
from Fager (1968). This provides evidence that short-term stability does not guarantee long­
term stability and that continual sampling is needed to fully assess community structure 
patterns over time. No evidence to date has suggested that hydrothermal vent macrofaunal 
communities may reach stable states. In following with Orians (1975), Davis and 
VanBlaricom (1978), and Gray et al. (1985) we define stability here in terms of constant 
species abundance and diversity, and more specifically, for the 2-year period this study 
encompasses.
A mix of abiotic and biotic parameters structure shallow-water systems and allow 
for comparisons across analogous habitat types (Paine 1966, Dayton 1971, Belanger & 
Cardinal 1977, Lubchenco & Menge 1978, Young & Young 1978, Nybakken 1988, Dai 
1988, Rodriguez et al. 1993, Chapman & Underwood 1994, Tanner et al. 1994, Williams 
1994). Because mussel beds are globally distributed and can be found with their associated 
fauna in both shallow-water (Suchanek 1979, Tsuchiya & Nishihira 1985, Tsuchiya & 
Nishihira 1986, Tsuchiya & Bellan-Santini 1989, Ong & Morton 1992, Lintas & Seed 1994,
5Hunt & Scheibling 1995, Iwasaki 1995, Seed 1996, Hunt & Schiebling 1998, McKindsey & 
Bourget 2000,Van Dover & Trask 2000, Lawrie & McQuaid 2001, Saier 2002, Tsuchiya
2002) and deep-sea chemosynthetic environments (Hecker 1985, Brooks et al. 1986, Jollivet 
et al. 1990, Olu et al. 1996, Van Dover & Trask 2000, Van Dover 2002, Van Dover 2003, 
Tumipseed et al. 2004, Knick & Van Dover pers. comm., Doerries & Van Dover pers 
comm., present study), community structure comparisons can be made between these 
similarly structured ecosystems. Mussels are also one of the most dominant organisms in 
vent and seep habitats and this provides the opportunity for direct comparisons between 
different geographic chemosynthetic locations.
Hydrothermal vent dynamics and temporal variation of megafaunal community 
structure has been studied at East Pacific Rise vents (Fustec et al. 1987, Hessler et al. 1988, 
Shank et al. 1998), Mid-Atlantic Ridge vents (Copley et al. 1997, Copley et al. 1999), and 
the Northeast Pacific vents (primarily at Juan de Fuca and Explorer Ridge; Tunnicliffe & 
Juniper 1990, Sarrazin et al 1997, Tunnicliffe et al. 1997, Sarrazin & Juniper 1999, Tsurumi 
& Tunnicliffe 2001, Tsurumi & Tunnicliffe 2003). The northern East Pacific Rise is a fast 
spreading center, with vents (black smoker chimneys, diffuse flow) typically lasting years 
to decades (Hessler et al. 1998, Haymon et al. 1991, Fomari & Embley 1995). Given the 
inevitable extinction of any vent field, processes influencing community structure and 
succession through a hydrothermal cycle include cessation of fluid flow through volcanic or 
tectonic activities and variations in physical or chemical factors (temperature, sulfide flux, 
etc.), predation, and recruitment.
6A volcanic eruption in the northern East Pacific Rise in 1991 paved a large portion 
of the ridge axis at 9N (9° 45' N to 9° 52' N) with fresh basalt, although some vent sites were 
unaffected by the lava flows. Immediately following the eruption, white filaments produced 
by bacteria formed thick mats at vent openings (Haymon et al. 1993, Taylor & Wirsen 1997). 
Mobile vent and non-vent fauna (e.g., brachyuran crabs, galatheid squat lobsters, copepods, 
amphipods, octopods) increased in abundance (Shank et al. 1998). One year after the 
eruption, vent openings had been colonized by dense aggregations of the tubeworm Tevnia 
jerichonana, and nearly 2.5 years after the eruption, Riftia pachyptila became dominant 
(Shank et al. 1998). Bathymodiolus thermophilis mussels were present 3.5 years after the 
eruption co-existing with R. pachyptila (Haymon et al. 1993, Shank et al. 1998). Five years 
after the eruption, mussels and vesicomyid clams replaced R. pachyptila as the dominant 
megafaunal species (Shank et al. 1998). Mussels and clams tend to be among the last 
remaining megafaunal organisms to survive as hydrothermal activity wanes at East Pacific 
Rise vents (Jollivet 1993, Hessler et al. 1988, Shank et al. 1998, Van Dover 2002, Raulfs et 
al. 2004). The long-lived nature of mussel beds, compared to other megafauna, allows for 
comparisons of community structure as mussel beds age and there is a subsequent decline 
in hydrothermal flow and sulfide concentrations.
Similar to northern East Pacific Rise vents, vents in the northeast Pacific are also fast- 
spreading centers and frequent eruptions are common (Embley & Chadwick 1994). There 
are differences in the megafaunal species between these areas though. The northeast Pacific 
vents lack mussels as a dominant component of the community, and higher-temperature
7tubeworms and alvinellid polychaetes dominate biomass. The community dynamics of these 
vents are primarily influenced by abiotic factors (dramatic fluctuations in fluid flow patterns 
and chemical/temperature conditions) and are characterized by decimeter-scale patchiness 
(Juniper & Sarrazin 1995, Chevaldonne 1996, Sarrazin et al. 1997). Six distinct mosaic 
faunal communities on hydrothermal sulfide edifices have been identified based on specific 
physical-chemical conditions and faunal distribution greatly correspond to the ‘chronic 
disturbance model’ (Horn 1976), where chronic patchy disturbance can lead to situations 
where any species can colonize an area left open by the death of another species, provided 
adults and larvae are present (Sarrazin et al. 1997, Sarrazin & Juniper 1999). A general 
successional pattern has been described for these six assemblages beginning with the 
colonization of new high-temperature surface by Assemblage I and proceeding sequentially 
to Assemblage VI on inactive surfaces, but assemblages can abruptly disappear any where 
along the sequence due to cessation of fluid flow or reactivation of high-temperatures 
(Sarrazin & Juniper 1999).
In contrast, the Mid-Atlantic Ridge (MAR) is a slow-spreading center with vents 
fields lasting many decades (reviewed in Van Dover 2000). The dominant megafauna 
species at Mid-Atlantic vents are different than those located at Pacific vents; tubeworm 
communities are lacking, and shrimp and mussels compose the numerical and biomass 
dominant species (Mevel et al. 1989, Van Dover et al. 1996, Murton et al. 1995). Studies 
of community dynamics of the megafauna on the MAR are few, with most focusing on
shrimp. Studies of temporal variation at the Broken Spur hydrothermal vent identified little 
change in faunal distribution and zonation from 1993 to 1995 (Copley et al. 1997, Murton 
et al. 1995). Shrimp populations on sulfide chimneys may represent a “climax” state, limited 
by suitable space (Copley et al. 1997). At the TAG hydrothermal mound between June 1994 
and March 1995, ODP drilling caused the onset of increased venting and temperature 
(Copley et al. 1999). Shrimp populations increased, and redistribution occurred on a short 
time-scale before and after drilling ceased (Copley et al. 1999). Mussel-bed samples have 
been collected from Lucky Strike (Van Dover et al. 1996, Van Dover & Trask 2000), Broken 
Spur (Van Dover unpubl.), and Snake Pit and Logatchev vents (Doerries & Van Dover 
unpubl.), but little is known about how mussel communities change over time when there 
is more reliable venting conditions but more isolation between populations.
Time-series observations of macrofauna at hydrothermal-vent communities are few 
(Sarrazin & Juniper 1999) and most have used extensive video or photographic imaging to 
describe megafaunal community structure or successional patterns (Juniper & Sarrazin 1995, 
Sarrazin et al. 1997, Shank et al. 1998, Tsurumi & Tunnicliffe 2001). While these studies 
were fundamental in defining/constructing large-scale, qualitative patterns, quantitative 
analyses of macro faunal community dynamics have been lacking. This study represents the 
first quantitative time-series data from mature hydrothermal vent mussel beds on the East 
Pacific Rise and examines the biological dynamics of community structure over a 2-year 
period. A time-series approach was used compare multiple samples from three different 
mussel beds located at 9N (East Wall, Train Station, Biovent). Samples were collected and
9analyzed for species abundance, species richness (number of species), and species 
composition patterns. In addition, a chronoseres approach was used to examine differences 
in community structure as mussel beds respond to potential reductions in hydrothermal flow 
and sulfide availability with samples collected at an additional site at 9N (Mussel Bed) and 
11N. This work builds upon the previous knowledge of diversity at chemosynthetic mussel 
beds located within the global setting of hydrothermal vent and cold seep environments, and 
provides us with a glimpse of the community dynamics within mature mussel beds over time.
CHAPTER I 
MATERIALS AND METHODS
Study Sites
The 9° 50' N (herein referred to as 9N) and 11 ° 24' N (herein referred to asl IN) vent 
fields (Fig. 1) located on the northern East Pacific Rise include discrete mussel bed 
communities of varying ages. In 2001, the time-series sites in order o f age are: East Wall 
(Age = 6) < Train Station (Age = 7) < Biovent (Age = 10). For chronoseres comparisons 
Mussel Bed (9N; Age =10) and 1 IN mussel beds were also included, with 1 IN being the 
oldest site (Age = 14). Only samples collected from the five mussel beds in 2001 were 
analyzed for age comparisons since the 1999 samples could not be considered independent 
from the paired 2001 samples. The biomass of mussel beds located at both 9N and 1 IN on 
the East Pacific Rise is dominated by Bathymodiolus thermophilus, a mussel species that 
contains sulfide-oxidizing, chemoautotrophic endosymbiotic bacteria in its gills (Fiala- 
Medioni 1984, Le Pennec & Hilyl984).
A volcanic eruption in 1991 paved a large portion of the ridge axis (9° 45' N to 9° 52' 
N) with fresh basalt, although some vent sites were unaffected by the lava flows. The 
9Nmussel beds are located along a ~ 2.5-km extent of the ridge axis (Fig. 2), are irregular in 
shape, and range from 20 to 50 m in maximum dimension. Two of the mussel beds
10
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FIGURE 1
LOCATIONS OF THE NORTHERN EAST PACIFIC RISE VENT FIELDS (9N & 1 IN)
12°00'
11°30'
11°00'
1 0°30'
10°00'
-1 04°30‘ -104°00' -103°30'
12°00'
11°30'
11°00'
1 0°30'
10°00'
Northern East Pacific Rise vent fields. “9N” = 9° 50’N; “11N” = 11°25’N. Base map from 
the RIDGE Multibeam Synthesis Project (http://ocean-ridge.ldeo.columbia.edu). Note the 
transverse fault (TF) between the two ridge segments.
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FIGURE 2
DETAILED LOCATION OF FOUR MUSSEL BEDS AT 9N VENT FIELD
9°51*N
9°50,N
Location of Train Station, East Wall, Mussel Bed and Biovent mussel beds at the 9N vent field 
on the East Pacific Rise (from Van Dover, 2003).
Biovenl
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Mussel
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©
104°18W  104° 17'W
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(East Wall and Train Station) were established after the eruption and were 4 and 5 years 
old, respectively, at the time of sampling in 1999 (Haymon et al. 1993, Shank et al.
1998). In 2001, Train Station and East Wall were adjacent to and overgrowing clusters of 
vestimentiferan tubeworms (Riftia pachyptila). Biovent and Mussel Bed mussel beds 
pre-date the eruption and thus were at least 8 years old at the time of sampling in 1999 (T. 
Shank, R. Lutz, pers. comm.). There is some evidence to suggest that Mussel Bed may 
have been slightly younger than Biovent based on smaller shell lengths for mussels with 
the same condition index (present study, Glanville pers. comm.). Other mussel beds 
occur within this region of the ridge axis, but were not sampled. Sampling dates, Alvin 
dive numbers, geographical coordinates, sample numbers, and depths are summarized in 
Table 1.
The 1 IN site was first visited by Alvin in 1988 (Thompson et al. 1989), when it 
was described to have an active black smoker chimney, extensive clam beds and small 
patches of mussels (Van Dover pers comm.). In 2001, the black smoker located in the 
axial graben was inactive, but on the eastern flank of the graben, two narrow (5 to 10 m), 
short (10 to 20 m) corridors of low-temperature hydrothermal activity persisted. These 
vents, separated by no more than 30 m, were marked and named Buckfield and Flo Zone. 
Megafauna, including large mussels (Bathymodiolus thermophilus) and clams 
(Calyptogena magnified), formed irregular low mounds that traced the location of cracks 
in the basalt (Fig. 3). Abundant stalked barnacles (Neolepas zevinae) on lobate lavas 
were located immediately adjacent to the bivalves. Shimmering water and swarming
14
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FIGURE 3
Bathymodiolus thermophilus MUSSEL BED AT FLO ZONE (1 IN)
Bathymodiolus thermophilus mussel bed with Calpytogena magnifica clams and swarming 
amphipods ( Ventiella sulfuris) at Flo Zone, 1 IN on the East Pacific Rise.
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amphipods were evident above some of the mounds of bivalves (Fig. 3). Video records 
indicate that these mussel beds were extant in 1988 and thus were 14- tol5-yrs at the time 
of sampling in 2001.
Sample collection and processing
A stratified and replicated sampling design was used for time-series comparisons of 
community structure in mussel beds at 9N on the East Pacific Rise. Time-series samples of 
mussels and their associated invertebrate fauna from East Wall, Train Station, and Biovent 
sites were first obtained in November 1999 (Van Dover 2003), using the submersible Alvin, 
and a comparable set of samples from East Wall, Train Station, Biovent were collected in 
December 2001. All further 9N time-series analyses are in reference to the 3 sites within 
paired sampling efforts over 2 years. The original data from Van Dover (2003) is used in this 
paper, with the exception of the copepods, ostracods, mites and nematodes for consistency 
among the time-series data sets regarding the exclusion of meiofauna to allow for 
comparisons of macrofauna only. Quantitative chronoseres samples were also taken from 
an additional site at 9N (Mussel Bed) and from two 1 IN mussel beds in 2001 to compare 
mussel beds of different ages (ranging from 6 -1 4  yrs). Given the close proximity of the two 
mussel beds located at 1 IN to each other and their similar composition, these samples were 
combined and they are considered to be the same site for any chronoseres analyses.
Discrete, quantitative samples were haphazardly collected using ‘pot’ samplers allow 
for retention of all organisms associated with the mussels (Van Dover 2002). The pots, each
17
lined with a kevlar bags, were positioned over a clump of mussels and pushed into the 
mussel beduntil reaching the basalt underneath, and then cinched closed. Once the bag was 
closed, the pot was placed in a plastic quiver on the submersible basket to prevent loss of 
animals. In addition to quantitative samples, qualitative samples were collected using a 
kevlar-lined scoop and stored in individual bio-boxes with closeable lids on the submarine. 
Given the 3-dimensional nature of the mussel beds, each pot sampled a maximum volume 
of 11.35 liters over a constant area of 531 cm2. Mussel volume was chosen as a standard 
instead of area due to the 3-dimensional structure of the mussel beds with up to 50 cm or 
more vertical relief that provides habitat for invertebrates. Volume data incorporates the 
potential surface area of mussels for colonization, as well as includes the interstitial spaces 
that free-living organisms utilize.
On deck, mussels were removed from pots and bio-boxes and rinsed three times in 
cold, filtered (10 pm) seawater to wash off associated invertebrates. Mussel washings were 
collected onto stacked coarse (250 pm) and fine (63 pm) sieves and retained organisms were 
preserved in 10% buffered formalin for 24 hrs and stored in 70% ethanol. Only coarse 
samples were used in this study. Mussel volume in liters (± 0.1 L) was determined by 
measuring the displacement of mussels placed in a plastic bag and submerged in seawater 
in a graduated container. All mussels were measured for shell length (± 0.1 mm) using 
calipers. Dry tissue weights from a subset of mussels were obtained across all size ranges 
sampled and paired with shell length as a mussel condition index.
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Coarse samples were sorted twice under a dissecting microscope, the second sort after 
the addition of Rose Bengal, a biological stain that enhances the visibility of small organisms 
and ensures that all individuals were collected. All organisms were identified to the lowest 
taxonomic level possible (i.e. morphological species) except copepods, mites, 
platyhelminthes, nematodes, tanaids, and ophiuroids, and then enumerated. Those taxa 
considered meiofauna (copepods, ostracods, mites and nematodes) and the rest of the 63-pm 
samples were excluded from this study. Identifications were made with reference to 
published descriptions and voucher specimens located in the collections of C.L. Van Dover 
in the Department of Biology at the College of William and Mary, where all specimens are 
archived (as are the unsorted 63-pm sieve samples).
Large and motile taxa (i.e. zoarcid fish Thermarces cerberus, galatheid squat lobsters 
Munidopsis subsquamosa, and bythograeid crabs Bythograea thermydron) were observed 
in situ but not sampled or included in data analysis, although juveniles of these species were 
included. Branchipolynoe symmytilida, the commensal polychaete species living in the 
mantle cavities of the mussels, also was not included in the diversity measures since it is not 
considered part of the community living among the mussels. Mussels < 5 mm were included 
in data analyses since at this life history stage they were considered to be part of the 
associated fauna rather than a structural component. The 5 mm cut-off is arbitrary (Van 
Dover 2002) but has been retained to facilitate comparisons across mussel beds (e.g., Van 
Dover 2003).
Species biovolumes (± 0.1 ml), used here as a nondestructive method of
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approximating biomass, were determined by ethanol displacement in a graduated cylinder, 
although ash-free dry weight is the optimal method of measuring biomass. We chose to avoid 
this destructive method in favor of retaining irreplaceable material as voucher specimens and 
other investigative purposes (i.e., anatomical studies, reproductive studies, etc.). Species 
biovolumes were standardized per liter of mussel volume collected, and only macrofaunal 
species contributing more than 1 % of the total biovolume were included in our analyses. To 
remove any bias in regards to shell volume, shells of gastropods were first dissolved using 
a dilute, IN solution of hydrochloric acid.
Statistical analyses
To compare the population structure of Bathymodiolus thermophilus mussel beds at 
9N and 11N, size-ffequency histograms (10-mm intervals) were determined from length 
measurements of mussels quantitatively sampled. The Kolmogorov-Smirnov T est was used 
to detect significant site/age differences in mussel size-ffequency distributions, using S- 
PLUS software (version 6.2 for Windows, 2003). Comparisons ofmussel condition between 
1999 and 2001 were made using an analysis of co-variance (ANCOVA) of log-transformed 
mussel shell length and log-transformed tissue dry weight data that tested the significance 
between lines with similar slopes, but different intercepts. ANCOVA’s were performed 
using MiniTab software (Version 13.20, 2000). Data from quantitative and qualitative 
samples were used to calculate species richness (cumulative species-effort curves) for each 
vent site using Estimates (Colwell 1997; randomization operations = 100, without
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replacement). Species-effort curves were calculated with two measures of effort: cumulative 
number of individuals and cumulative mussel volume sampled. Only quantitative samples 
were used to calculate mussel size-frequency distributions, dominant limpet and polychaete 
size-ffequency distributions, mean abundance, mean bio volume, numerical and biomass rank 
order, diversity indices (FT, J ’, Fisher’s a), and multivariate analyses. Species abundance of 
quantitative samples were standardized per liter of mussel volume sampled and are herein 
referred to as standardized abundances. A paired t-test was used to compare time-series 
abundance, biovolume and diversity indices. When there were not even sample sizes, a 
random sample was eliminated from the analysis to provide even samples. Regression 
analysis was used to test differences in mean abundances and biovolume based on differing 
ages using MiniTab software (Version 13.20, 2000).
To compare the population structure of the dominant limpets (Lepetodrilus elevatus 
and Lepetodrilus ovalis) and polychaete species (Amphisamytha galapagensis) at 9N in 1999 
and 2001, size-frequency histograms were determined from length (limpets) and width 
(polychaete) measurements of a subset of individuals sampled. Samples of each species were 
compared for each of the three mussel beds except for the limpet L. ovalis. Only samples 
from Biovent were compared for this species since this was the only mussel bed in which the 
limpet was most dominant. The Kolmogorov-Smirnov Test was used to detect significant 
differences in overall species distributions using S-PLUS software (version 6.2 for Windows,
2003).
Shannon diversity index (H’]oge), Pielou’s evenness index (J’), and Fisher’s a were
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calculated for standardized (per liter of mussel volume sampled) data using Primer v5 (Clark 
& Gorley 2001). H ’ is a measure of uncertainty where the maximum uncertainty occurs 
when each of the species is equally represented and the value of H ’ is the highest (Hayek & 
Buzas 1997). J ’ is a measure of evenness; the extent to which individuals are equally 
partitioned between species (Hayek & Buzas 1997). The more evenly distributed the species, 
the higher the value of J ’. Fisher’s a is interpreted as the expected number of species to be 
represented by one individual (Hayek & Buzas 1997). Bray-Curtis similarity coefficients (C) 
based on species presence/absence data were calculated using Primer v5 (Clark & Gorley 
2001). Coefficient values range from zero, when two samples have no species in common, 
to 100 when two samples are identical (Clarke & Warwick 2001). Analysis of variance 
(ANOVA) was used to compare chronoseres samples of differing ages. If a significant 
difference was detected for an ANOVA (p<0.05), Tukey’s multiple comparison test was used 
to test for specific differences.
Multi-dimensional scaling (MDS) and cluster analysis techniques were used to 
compare community structure between mussel bed sites in 1999 and 2001 and 1 IN, based 
on square-root, standardized (per liter of mussel volume sampled) species-abundance and 
biovolume matrices (Primer v5; Clark & Gorley 2001). The similarity matrices for cluster 
and MDS analysis of quantitative data were generated using Bray-Curtis coefficients 
calculated from square-root-transformed, standardized abundance data (PRIMER v5; Clarke 
& Gorley 2001). The square-root transformation ensures that the most abundant species does 
not dominate the analysis and that both the very abundant and mid-range species contribute
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to the similarity matrix (Clarke & Gorley 2001). Analysis of similarity (ANOS1M) was 
calculated from standardized, quantitative samples using Primer v5 (Clarke & Gorley 2001) 
to determine significant differences between the grouping of mussel beds at 9N and 11N 
identified in MDS plots. Contributions of species to the dissimilarity between paired sites 
from each year were calculated using the SIMPER subroutine of Primer v5.
CHAPTER II
RESULTS
Temperature
Mussels occupied low-temperature (<10° C) flow zones associated with cracks in 
lobate basalt lavas. Temperature profiles from Hobo probes deployed in the mussel beds in 
1999 showed a temperature range from 2 - 11 ° C across the 3 mussel beds (Fig. 4). East 
Wall reached the maximum warmest temperature of 11° C (Fig. 4a), followed by Train 
Station at 8° C (Fig. 4b) and Biovent at 6° C (Fig. 4c). Although the temperature data 
showed some variation, it was included here to demonstrate the overall similarity of 
environmental conditions the mussel beds experienced over the time-series period.
Mussel size-frequency distributions
The most obvious difference in mussel size frequencies was the percent contribution 
of mussel recruits. Time series analysis of mussel recruits, designated as mussels < 5 mm, 
comprised up to 76% of the total number of mussels in 1999, but were almost absent (<2%) 
in 2001 for all 3 sites (Fig. 5). The < 10-mm mussel size class was excluded from further 
analyses because the significantly greater number of recruits (t-test, p < 0.001) in 1999
23
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FIGURE 4
TEMPERATURE PROFILES FROM HOBO PROBES AT 9N
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Temperature records from Hobo probes deployed at 9N on the East Pacific Rise, November 
1999 to July 2000. A. East Wall. B. Train Station. C. Biovent.
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FIGURE 5
COMPARISON OF MUSSEL SIZE-FREQUENCY DISTRIBUTIONS
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compared to 2001 would mask any difference in the mean percent frequencies of the larger 
size classes, given this overwhelming difference. With recruits removed, size-ffequency 
distributions were not significantly different (Fig. 5a; p = 0.07) for mussels >10  mm in 
length at East Wall in 1999 (median mussel length = 75.0 mm) and 2001 (median mussel 
length = 78.2 mm). Size-frequency distributions for mussels >10 mm in length showed that 
there were significantly more mussels in the larger size classes at both Train Station (Fig. 5b; 
median mussel length in 1999 = 84.0 mm, in 2001= 91.5 mm; p = 0.03) and Biovent (Fig. 
5c; median mussel length in 1999 = 88.0 mm, in 2001= 129.5 mm; p = 0.001) in 1999 
compared to 2001.
Chronoseres comparisons of size-frequency distributions for mussels > 1 0  mm 
showed that all 5 ages in 2001 were significantly different from each other (p = 0.001). 
Mussels from Mussel Bed were significantly larger (Fig. 5d; median mussel length =103 
mm) than the youngest sites (EW, TS) but significantly smaller than those from Biovent, 
which is approximately the same age (p = 0.001). 1 IN mussels were significantly larger in 
length (Fig. 5e; p = 0.001; median mussel length =151 mm) compared to all mussels from 
9N in both years. The pattern relating to maximum length was East Wall < Train Station < 
Mussel Bed < Biovent < 1 IN. This is consistent with an age relationship from youngest to 
oldest sites, although Van Dover (2002) cautions that mussel growth rates and mortality may 
vary substantially from vent site to vent site (Van Dover 2002).
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Mussel condition index
Time-series analysis of the mussel condition index for mussels sampled from the two 
younger sites (EW, TS) was significantly greater in 2001 than in 1999 (p = 0.001; Fig. 6a, 
b), but there was no significant difference observed in mussels from the older site (BV; p 
= 0.699; Fig. 6c). Chronoseres analysis of the condition index for mussels representing 5 
different ages showed no consistent correlation between age of mussel bed and the mussel 
condition index, although Biovent showed significantly lower tissue dry weight per shell 
length compared to the four other sites (Table 2).
Time-series changes in community structure between 1999 and 2001 
Abundance
There was no significant difference in the mean abundance of invertebrates associated 
with mussel beds at any of the paired sites between 1999 and 2001 (Table 3; paired t-test: df 
= 9; p > 0.119). Of the three sites, the oldest site (Biovent 2001) had the lowest abundance 
overall. All sites were numerically dominated (> 42% of all individuals) by the limpet L. 
elevatus in 1999 and 2001. The amphipod V. sulfuris was the second most dominant species 
(> 20% of all individuals) at East Wall and Train Station in both 1999 and 2001, but 
accounted for <1% of all individuals at Biovent in both years. Ventiella sulfuris was 
replaced as the second mostdominant species at Biovent by the ampharetid polychaete 
Amphisamytha galapagensis. Singletons, taxa represented by a single individual in the entire 
sampling effort, made up 8-16% of the invertebrate species at all sites in both 1999 and
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FIGURE 6
TIME-SERIES COMPARISONS OF Bathymodiolus thermophilus CONDITION INDEX
A
B
EW 99 n= 35 
O EW 01 n= 50
O
CD
1 3
CO
CO
i-
2 -
1 -
0 -
to -1 
CO
-2  -
± 4
“  A
A ▲ A TS 99 n= 48 
A TS 01 n= 60
3
2
1
0
1
BV 99 n= 35 
BV 01 n= 60
2
3
3 .2  3 .4  3 .6  3 .8  4 .0  4 .2  4 .4  4 .6  4 .8  5 .0  5 .2  5.4
In M u s s e l  S h e l l  L e n g t h  ( m m )
Time-series comparisons of condition index in Bathymodiolus thermophilus: In mussel tissue 
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C. Bio vent (BV).
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TABLE 2
Chronoseres condition index statistical comparisons of mussel bed samples collected in 
2001; * = significance level ofp  < 0.05.
EW 01 TS01 BV 01 MB 01 i i n  o i
EW 01 0.07 0.001* 0.03* 0.06
TS01 0.01* 0.51 0.08
BV 01 0.001* 0.03*
MB 01 0.14
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TABLE 3
Mean abundance per pot based on standardized data per liter o f mussels sampled; * = 
significant paired t-test value.
Abundance Biovolume
Time-series
EW 99 737 (229) 8.0 (1.4)
EW 01 772(115) 4.8 (0.5)
TS 99 969 (59) 6.7 (0.6)
TSOI 684(118) 3.8 (0.8)
BV 99 810(214) 6.7 (1.4)
BV 01 464 (34) 2.5 (0.6)*
Chronoseres
MB 01 199 (28) 2.6 (0.8)
11N 01 429 (64) 1.4 (0.4)
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2001, with the exception of Biovent in 2001, where singletons only made up 5%. The 
mussel community structure at these three sites was heavily dominated by a few species;
6 species accounted for more than 95% of the total number of individuals (Fig. 7).
Biovolume
There was no significant difference in mean biovolume of invertebrates associated 
with mussel beds at the youngest site (East Wall) or the oldest site (Biovent) in 1999 
(Table 3; paired t-test: df = 9; p > 0.064). Unlike abundance, there was a significant 
decrease in the mean biovolume of invertebrates associated with mussel beds at Train 
Station between 1999 and 2001 (paired t-test: df = 9; p = 0.051), though this was barely 
non-significant. These differences can be attributed to the five times greater biovolume 
of the amphipod V. sulfuris at Train Station in 1999 than 2001, and to the nearly triple 
biovolume of the limpet Lepetodrilus elevcitus in 1999, compared to 2001. Similar to 
abundance, the limpet Lepetodrilus elevcitus was the biovolume dominant species at all 
sites, contributing to more than 47% of total biovolume (Fig. 8). Six species accounted 
for more than 91% of the total biovolume in these mussel beds (Fig. 8).
Species-effort curves
Species-effort curves based on the cumulative number of individuals showed that 
East Wall supported 3 more species in 1999 compared to 2001 for a comparable number
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FIGURE 7
TIME-SERIES COMPARISONS OF RANK ABUNDANCE OF DOMINANT TAXA
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Time-series comparisons of the rank order of the six numerically dominant taxa at 9N East 
Pacific Rise mussel beds (1999 and 2001). Points represent mean percent abundance (± s.e.) 
of standardized number of individuals L'1. Ranked species for each site, are identified below 
each rank; Le = Lepetodrilus elevatus', Vs = Ventiella sulfuris’, Ag — Amphisamytha 
galapagensis; Oa — Ophryotrocha akessoni; Bt = Bathymodiolus thermophilus >5 mm; Lo 
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Nemertea sp. 1; Hv = Hesiospina vestimentifera. A. East Wall. B. Train Station. C. 
Biovent.
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FIGURE 8
TIME-SERIES COMPARISONS OF RANK BIOVOLUME OF DOMINANT TAXA
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FIGURE 9
SPECIES-EFFORT CURVES FOR MUSSEL BEDS AT 9N AND 1 IN
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of individuals (Sn 000; Fig. 9). Train Station supported 13 fewer species in 1999 compared 
to 2001 (S15 000; Fig. 9). Biovent supported 5 fewer species in 1999 compared to and 2001 
(Sio, oocf Fig. 9). When comparing the number of species based on cumulative sample 
volume, East Wall and Biovent supported similar species richness, but Train Station in 2001 
supported more species than in 1999 for comparable sample volumes (Fig. 9). The species- 
effort curves based on number of individuals approached an asymptote but none had reached 
one; Train Station was the closest. This suggests that the species composition of all sites at 
9N in 1999 and 2001 may not have been fully sampled, although all species-effort curves 
based on mussel volume sampled more closely approached an asymptote. Since additional 
extensive sampling efforts would only add a few more rare species, these species effort 
curves represent the majority of abundant species present at 9N mussel beds.
Diversity Indices
There was no significant difference between the mean diversity (FT; Table 4; paired 
t-tests; p > 0.10), evenness (J'; Table 4; paired t-test; p > 0.42), and Fisher’s a (Table 4; 
paired t-test; p > 0.39) indices within quantitative samples for each site pair between 1999 
and 2001, with the exception of J' at East Wall (df =9; p = 0.03). Bray-Curtis similarity 
coefficient comparisons indicate that there is a high percentage of species shared between 
the sites in 1999 and 2001 (Table 5). Species found at 9N mussel beds are subsets of each 
other, with differences being driven by the rare species among the sites.
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TABLE 4
Total abundance (n), species richness (S), H' log(e) (std. error), J’ (std. error), and Fisher's a 
(std. error) on sample-based data standardized per liter of mussel volume sampled for mussel 
bed from 9N in 1999 and 2001, and 1 IN in 2001.
Location n S tflofi (e) T Fisher's a
9N1999
East Wall 15758 40 1.59(0.17) 0.57 (0.03) 3.41 (0.27)
Train Station 31401 31 1.36(0.04) 0.48 (0.03) 2.77(0.18)
Biovent 15116 42 1.42(0.13) 0.47(0.04) 4.20(0.60)
9N 2001
East Wall 11426 34 1.15(0.11) 0.40(0.03) 3.44(0.42)
Train Station 14557 37 1.18(0.11) 0.42(0.05) 3.21 (0.33)
Biovent 10103 43 1.32(0.14) 0.45 (0.05) 4.29(0.45)
Missel Bed 2754 31 1.93 (0.05) 0.73 (0.03) 3.76(0.40)
11N 2001 16769 40 1.33(0.05) 0.50(0.02) 2.99(0.25)
TABLE 5
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Bray-Curtis similarities (Q  based on species presence/absence data
Species shared Total species C
Time series
East Wall 99 vs East Wall 01 26 48 65
Train Station 99 vs Train Station 01 23 45 62
Biovent 99 vs Biovent 01 31 54 64
Chronoseries
1 IN  vs East Wall 01 26 48 57
1 IN vs Train Station 01 26 57 53
1 IN  vs Biovent 01 26 57 53
1 IN vs Mussel Bed 01 23 48 55
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MDS ordination and ANOSIM
MDS ordination comparing the abundances of East Wall, Train Station, and Biovent 
(1999 and 2001), show a clear separation of sites with increasing age (Fig. 10). ANOSIM 
results indicated this separation is significant (global R > 0.435, P  < 0.006). Time-series 
MDS ordination comparing the biovolume of East Wall, Train Station, and Biovent (1999 
and 2001), show a similar pattern to abundance data with clear separation of sites with 
increasing age (Fig. 10), although ANOSIM results between sites indicated that there was 
little or no separation between bio volume samples from East Wall and Biovent in 1999 and 
2001 (global R = 0.171, P = 0.113). Train Station was the only well separated site in both 
years (global R = 0.848, P = 0.002). Mussel beds at these three paired sites were 29-35 % 
dissimilar based on species-abundance square root transformed, standardized per liter of 
mussel volume data (Table 6) and 40-45% dissimilar based on species-bio volume square root 
transformed, standardized per liter of mussel volume data (Table 7). Greater abundances of 
Bathymodiolus thermophilus mussel recruits and the limpet Lepetodrilus elevatus in 1999 
at all three sites accounted for the dissimilarity in abundance, while greater volume of L. 
elevatus in 1999 differentiated the paired sites in biovolume.
Size-ffequency distributions of selected taxa
Similar to observations of mussel size-ffequency distribution comparisons between 
1999 and 2001, size-ffequency distributions of the dominant limpets {Lepetodrilus elevatus 
and Lepetodrilus ovalis) and a dominant polychaete (Amphisamytha galapagensis) showed
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FIGURE 10
MDS PLOTS OF QUANTITATIVE MUSSEL -BED SAMPLES FROM 9N AND 1 IN
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TABLE 6
Time-series average abundance contributions (>4%) to Bray-Curtis dissimilarities 
(standardized per liter of mussel volume and square-root transformed) for invertebrates at 
East Wall, Train Station and Biovent from 9N in 1999 and 2001.
East Wall Average Abundance Contribution to Dissimilarity
Taxon 1999 2001 % Contribution % Cumulative
Lepetodrilus elevatus 305 355 16.8 16.8
Ventiella sulfuris 150 264 15.3 32.1
Bathymodiolus thermophilus <5mm 60 0 13.8 45.9
Ophryotrocha akessoni 61 16 7.1 53.0
Amphisamytha galapagensis 59 102 6.2 59.2
Lepetodrilus ovalis 19 9 3.8 63.0
Nemertea sp.l 5 5 3.6 66.6
Train Station Average Abundance Contribution to Dissimilarity
Taxon 1999 2001 % Contribution % Cumulative
Ventiella sulfuris 334 166 22.3 22.3
Bathymodiolus thermophilus <5mm 25 0 11.4 33.7
Lepetodrilus elevatus 468 354 9.5 43.2
Ophryotrocha akessoni 57 79 9.2 52.4
Amphisamytha galapagensis 86 47 6.3 58.7
Cyathermia naticoides 2 18 5.6 64.3
Lepetodrilus ovalis 12 3 4.3 68.6
Nemertea sp. 1 4 7 3.1 71.7
Biovent Average Abundance Contribution to Dissimilarity
Taxon 1999 2001 % Contribution % Cumulative
Lepetodrilus elevatus 391 220 17.4 17.4
Bathymodiolus thermophilus <5mm 34 0 12.3 29.7
Archinome rosacea 60 13 9.3 39.0
Amphisamytha galapagensis 244 133 8.7 47.7
Ophryotrocha akessoni 21 25 6.7 54.4
Lepetodrilus ovalis 24 33 5.5 59.9
Nemertea sp.l 7 2 3.7 63.6
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TABLE 7
Time-series average biovolume contributions (>5%) to Bray-Curtis dissimilarities 
(standardized per liter of mussel volume and square-root transformed) for invertebrates at 
East Wall, Train Station and Biovent from 9N in 1999 and 2001.
East Wall Average Biovolume Contribution to Dissimilarity
Taxon 1999 2001 % Contribution % Cumulative
Lepetodrilus elevatus 4.0 2.7 16.4 16.4
Lepetodrilus ovalis 1.2 0.1 14.1 30.5
Lepidonotopodium williamsae 0.4 0.2 9.1 39.6
Ventiella sulfuris 0.3 0.7 7.8 47.4
Levensteiniella plicata 0.2 0.3 7.5 54.9
Archinome rosacea 0.2 0.1 6.5 61.4
Rhyncopelta concentrica 0.0 0.1 4.8 66.2
Hesiospina vestimentifera 0.1 0.1 4.7 70.9
Train Station Average Biovolume Contribution to Dissimilarity
Taxon 1999 2001 % Contribution % Cumulative
Ventiella sulfuris 1.0 0.2 17.3 17.3
Lepetodrilus elevatus 3.9 2.7 12.2 29.5
Amphisamytha galapagensis 0.6 0.1 11.9 41.4
Lepidonotopodium williamsae 0.0 0.3 10.8 52.2
Lepetodrilus ovalis 0.3 0.0 10.6 62.8
Lepetodrilus pustulosus 0.1 0.1 7.5 70.3
Levensteiniella plicata 0.1 0.2 6.4 76.7
Cyathermia naticoides 0.0 0.1 6.2 82.9
Biovent Average Biovolume Contribution to Dissimilarity
Taxon 1999 2001 % Contribution % Cumulative
Lepetodrilus elevatus 4.6 1.2 26.9 26.9
Archinome rosacea 0.6 0.1 12.5 39.4
Lepidonotopodium williamsae 0.3 0.2 10.5 49.9
Levensteiniella plicata 0.0 0.6 9.7 59.6
Amphisamytha galapagensis 0.4 0.1 6.3 65.9
Lepetodrilus ovalis 0.4 0.4 6.1 72.0
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that recruits of these taxa were not highly abundant in 2001. Size-frequency distributions 
were significantly different (Fig. 1 la-c; p = 0.001) for the limpet L. elevatus at East Wall, 
Train Station and Bio vent in 1999 and 2001, with larger limpets at East Wall and Train 
Station in 2001. Biovent demonstrated a more pronounced bimodal distribution in 2001, 
with a large proportion of individuals in the 1-mm and 5-mm size classes. Size- 
ffequency distributions for the limpet L. ovalis were not significantly different at Biovent 
(Fig. 1 Id; p = 0.620) in 1999 and 2001. Size-frequency distributions were significantly 
different (Fig. 1 le-f; p = 0.001) for the polychaete A. galapagensis at East Wall and 
Train Station, but were not significantly different at Biovent (Figure 1 lg; p = 0.133).
Chronoseres comparisons of community structure 
Abundance
Regression analysis of the mean macro faunal abundance based on all pot samples per 
site showed there were significantly fewer individuals with increasing mussel bed age (p = 
0.011). However, regression analysis comparisons based on a single mean of the abundance 
for each site showed there was no significant difference based on age (p = 0.208). Clearly, 
there are fewer individuals at the older sites (Table 3), but given the variability among 
samples at each site biovolume provides a better approximation of any biological effect due 
to increasing age. At 1 IN, Ophryotrocha akessoni replaced Lepetodrilus elevatus as the 
numerically dominant species compared to younger sites at 9N. The leptostracan species 
Dalhella calderiensis was present in much higher abundances at the oldest site (1 IN)
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FIGURE 11
T1ME-SERIES COMPARISONS OF SIZE-FREQUENCY DISTRIBUTIONS OF 
DOMINANT LIMPETS AND POLYCHAETES
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Time-series comparisons of size-frequency distributions of the limpets Lepetodrilus elevatus 
and Lepetodrilus ovalis and the polychaete Amphisamytha galapagensis 9N on the East 
Pacific Rise (1999 and 2001).
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compared to younger sites where it was nearly absent. Similar to 9N, six species accounted 
for 97% of the total number of individuals at 1 IN.
Biovolume
Regression analysis of biovolume from mussel beds of different ages showed that 
there was significantly lower biovolume with increasing age of the mussel beds (Fig. 12; p 
= 0.001). This was highly significant whether comparing all pot samples per site or single 
means for each site. At 1 IN, biovolume was much more evenly distributed among species 
and twice as many species (13) accounted for 94% of the total biovolume compared to that 
same percentage at 9N sites. Although L. elevatus was the dominant species, it only 
represented 27% of the total biovolume,
compared to 50% at 9N sites. Other dominant species at 1 IN included the polychaetes 
Amphisamytha galapagensis (12%), Lepetonotopodium williamsae (9%), Ophryotrocha 
akessoni (8%), Opisthotrochopodus alvinus (6%), and the limpet Eulepetopsis vitrea (9%).
Species-effort curves
Species-effort curve comparisons of all sites sampled in 2001 showed that 11N 
supported similar species richness when comparing sampling effort based on the cumulative 
number of individuals and sample volume (Fig.9). Although Mussel Bed in 2001 had 
thefewest number of individuals, it showed the greatest number of species compared to other 
sites when comparing the cumulative number of individuals for a given sampling effort
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FIGURE 12
COMPARISON ON LN BIOVOLUME AND AGE OF MUSSEL BEDS
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(S 250o). When comparing sampling effort based on mussel volume, Mussel Bed was 
comparable to all other sites (Fig. 9b).
Diversity Indices
An ANOVA comparison of the diversity indices of mussel beds of differing ages 
showed a significant difference in mean diversity (H') and evenness (J') indices (Table 4, df 
= 33, f  = 12.73, p = 0.001), but no difference in Fisher’s a. Using a Tukey’s multiple 
comparisons test, mean diversity and evenness indices for Mussel Bed indicated that this site 
was more diverse and species were more evenly distributed compared to other sites. There 
were no other significant differences in diversity indices at these 4 sites and no consistent 
pattern of changes in diversity indices with increasing age. Bray-Curtis similarity 
coefficients showed that there was still a high percentage of
shared species between the oldest site (1 IN) compared to the younger sites (Table 5), and 
were not different from time-series similarities. Because 1 IN was the oldest mussel bed, 
only comparisons between 1 IN and each other the 4-ages were made since these represent 
the most extreme comparisons of age differences.
MDS ordination and ANOSIM
MDS ordination comparing abundance and biovolume of 9N (2001) and 1 IN (2001), 
show an obvious separation of sites with increasing age (Fig. 10). The degree of separation 
between each of the samples is not representative of really good fit, based on the stress
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values ranging between (0.17-0.20), but when considering the overall trend in the separation 
betweensites, there is a clear pattern that separates the older sites and the younger sites; 1 IN 
being the most separated from all other sites in both abundance and biovolume. As 
mentioned previously, as the age of a mussel bed increases, there is a significantly lower 
biovolume and this could be one factor driving the observed clusters in the MDS plot, with 
younger sites (East Wall and Train Station) showing less separation between each other 
compared to an increasing separation between the older sites (Biovent, Mussel Bed and 1 IN; 
Fig. 10). ANOS1M  results of chronoseres abundance and biovolume comparisons between 
sites indicated that 9N sites were well separated from the oldest site (1 IN; global R > 0.419, 
P > 0.002).
CHAPTER D3
DISCUSSION
More than 2 decades of study of hydrothermal vents on the East Pacific Rise, the 
northeast Pacific Ridges, and the Mid-Atlantic Ridge have provided ample opportunity to 
document temporal change in vent communities. Mussels are of unique interest because they 
are the last remaining organisms as a vent becomes inactive and they provide a habitat for 
many other macroinvertebrates. Within three years after an eruption on the EPR, mussel 
beds become well established and mussels begin to out compete Riftiapachyptila tubeworms 
for nutritional resources. Mature mussels, along with clams, are present as the dominant 
megafaunal species after 5 years, with few patches of tubeworms remaining. Community 
structure changes that occur within a mussel bed over time are related to fluid flow and 
chemistry and temperature. Based on the previous data from mussel beds on the southern 
East Pacific Rise and data presented in this study, it is clear that few environment changes 
occur in mussel beds ranging in age from 6-16 years. Temperatures, indicated by obvious 
diffuse flow, remained the same over these intermediate years and thus provide a good 
indication that fluid flow was constant as well. Disturbance factors, like those shaping 
sulfide chimneys on the Juan de Fuca Ridge, were absent at 9N and biological
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succession can be seen over time. It is inevitable though that at some point fluid flow will 
cease and these communities will die due to lack of hydrothermal input, but this has not been 
seen with mussel beds on the EPR until they reach ages greater than 20. In the presence of 
directional succession with increasing age, an observable pattern of the community structure 
of these mussel beds can be established and used to determine the stage at which a vent 
community is in.
Time series comparisons of community structure at 9N mussel beds
The greatest difference in community structure between 1999 and 2001 samples 
of mussel beds at 9N was the huge abundance of mussel recruits in 1999 and their 
absence in 2001. In Van Dover (2001) four models of mussel larval dispersal and the 
expected size-frequency distributions were discussed. In Model 1, mussel size-frequency 
distributions lack any sign of increased recruitment of small individuals over short 
periods of time due to the absence of corralling processes. In Model 2, mussel size- 
frequency distributions between sites and sampled at different times are expected to be 
similar, and include a peak of small recruits due to continuous spawning and mesoscale 
corralling. In Model 3, discrete and periodic spawning events occur and this results in 
temporal variation in the smaller size classes of mussels in size-ffequency distributions at 
a given site or multiple sites. This is not consistent with mussel-size frequencies from
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mussels at Lucky Strike {Bathymodiolus azoricus) on the Mid-Atlantic Ridge (Comtet & 
Debruyeres 1998, Van Dover & Trask 2000) and the Florida Escarpment cold seep 
{Bathymodiolus heckerae) since recruits at multiple sites dominated these populations 
within one sampling period and between sampling periods. And, in Model 4, continuous 
and local corralling of larvae results in mussel size-frequency distributions that always 
include a large number of recruits, no matter when or where samples were collected.
Results from the time-series mussel size frequency distributions in this study are 
most consistent with Model 3 since there were almost no recruits (<2%) present in 2001 
samples, compared to 76% in 1999. The variation in smaller mussel size classes most 
likely represents period spawning events and mesoscale corralling processes. These 
observations are also consistent with chronoseres size-frequency distributions from 
Mussel Bed and 1 IN, where there were no recruits present at all in 2001. In contrast, it 
was previously suggested that northern and southern East Pacific Rise mussel bed larval 
dispersal was structured by continuous spawning and mesoscale processes represented by 
Model 2 (Van Dover 2002). This demonstrates the importance of long-term data to 
establish accurate patterns in any ecosystem.
It appears that within the two-year period we have examined, hydrothermal-vent 
mussel beds at 9N show community stability in terms of constancy in the number of 
individuals, biovolume measurements, species richness, and overall species composition. 
During this time-period, environmental conditions (based on temperature and fluid flux
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indicators) appear to have changed little. The increasing number of species over time 
(except at East Wall) in the absence of environmental change observed here is consistent 
with the theory of climatic stability. This theory that states in environments with stable 
climates there are more species than in climates that are erratic or variable, due to the 
greater constancy of resources (Klopfer 1959, Fischer 1960, Dunbar 1960, Connell & 
Orias 1964). Sanders (1968) generalized this concept to the theory of environmental 
stability where more stable environmental conditions (temperature, salinity, oxygen) 
resulted in more species. At some point in the hydrothermal cycle, conditions will begin 
to deteriorate and this can be more specifically addressed with chronoseres data.
Chronoseres comparisons of hydrothermal-vent mussel bed community structure
To answer the question of whether there were significant changes in community 
structure, a chronoseres analysis of mussel beds sampled in 2001 was performed. 
Community structure is affected by the age of the mussel bed because reductions in fluid 
flow or temperature could result in decreased primary production. Margalef (1968) showed 
that stability, as defined by reduced frequencies of variation and a major independence from 
environmental change, increased with community age. When comparing chronoseres data 
for mussel beds on the southern East Pacific Rise, it is clear that waning vent activity is a 
major factor controlling mussel bed community structure, mussel condition index and length 
(Van Dover 2002). Although the mussels may begin to rely more heavily on filter feeding 
when fluid flow wanes, in addition to of symbiont energy sources, they cannot obtain
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enough nutrients to sustain their health and keep growing. We have not observed this 
transition to severe waning conditions in mussel beds up to 14 years old on the northern East 
Pacific Rise. Comparisons of the condition index of the oldest mussel bed (1 IN) 
support this statement since no differences in the condition of these mussels was observed 
compared to younger mussel beds at 9N (2001). This demonstrates that mature 
hydrothermal-vent mussel-bed communities can experience little environmental change for 
long periods after being established (up to 15 years), in environments known for their 
ephemeral and dynamic nature.
Using the most conservative method for comparing abundances over time, there was 
no significant difference in abundance with increasing mussel bed age but there was a 
significant difference in biovolume. All sites were numerically dominated by only 6 species 
but there were changes in the rank order of the dominant species; at the oldest site the limpet 
Lepetodrilus elevatus is no longer the dominant species in abundance and was replaced by 
Ophryotrocha akessoni and Amphisamytha galapagensis. Although these 2 polychaete 
species are more abundant, they have considerably lower biovolume compared to L. elevatus. 
L. elevatus is still the biovolume dominant species at the oldest site (1 IN) but it makes up 
a smaller proportion of the total biovolume (27%) compared to other species that show a 
more evenly distributed biovolume between more species. Some species that were highly 
abundant at 1 IN did not account for any of the total biovolume measured and this can also 
explain the decrease in biovolume but not abundance. This pattern of decreasing biovolume 
with age becomes more obvious when additional comparisons of mussel bed ages from the
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southern East Pacific Rise sites are made. The samples from Oasis (6 yrs), Rehu Marka (16 
yrs) and Animal Farm (20 yrs) fit the regression trend and provide further evidence that the 
biovolume of macroinvertebrates associated with mussel beds decreases with increasing age 
(Fig. 12; p = 0.001).
There were no changes in species richness and taxonomic composition with 
increasing age of the mussel beds. Changes in diversity indices only occurred at Mussel Bed, 
which showed higher species diversity and evenness. These changes at this particular site 
could be representative of a mussel bed at a different stage of the hydrothermal cycle. Recent 
observations of Mussel Bed in November 2003 indicated that the overall extent and density 
of the mussel bed seemed to be decreasing, although the mussel bed was thick and the mussel 
shells were covered with bacteria in areas where there were still active localized diffuse flow 
(Von Damm et al. 2003). End-member fluid temperatures at Biovent, which is the same 
approximate age as Mussel Bed, indicated there were no changes in temperature based on 
previous sampling efforts (Von Damm et al. 2003). This data provides reasonable evidence 
that the factors affecting fluid flow have not altered the environmental conditions at Biovent 
and the mussel bed communities may still be experiencing stable conditions (at age 12) 
comparable to the time-series data presented here for ages 8-10. Bray-curtis similarity 
coefficient (C) demonstrated that similarities between the oldest site (1 IN) and the younger 
sites were still greater than 50%. The differences between these sites is driven the presence 
of rare species that accumulate over time, but this was not significant based on Fisher’s a 
estimation of rare species.
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Natural hydrothermal vent populations and communities are subject to considerable 
environmental variations over the course of a vents lifespan. In contrast to more dynamic 
vent communities (Juan de Fuca) that are continually being restructured by intense abiotic 
factors, this study has demonstrated that mussel bed communities on the northern East 
Pacific Rise reach a point where environmental conditions remain relatively constant, and 
a stable climax community is established by age 6. Community structure remains relatively 
stable, until age 10, but can definitely persist longer if the conditions remain the same. 
Subsequent changes in the older sites may occur due to reduced fluid flow and temperature, 
or efficiency of mussel symbionts to out-compete invertebrates for food resources. 
Additional time-series or chronoseres data is invaluable in detecting long-term patterns in 
community structure, in both megafauna and macro fauna, and for accurately describing 
succession at vent environments.
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APPENDIX A
Appendix 1. East Pacific Rise 9N 2001 species-abundance matrix (not standardized to 
sample volume) and sample-volume data. A, B = qualitative samples; Indet. = 
indeterminate
PHYLUM  
Tax on
NEMERTEA  
Nemertea sp. 1 
Nemertea sp. 2 
PLATYHELMINTHES 
Turbellaria 
ANNELIDA  
Polychaeta
Amphisamytha galapagensis  
Archinome rosacea  
Branchinotoglum a sandersi 
F labelligella  sp. 
G alapagom ystides aristata  
Glycericl sp.
Hesiolyra bergi 
H esiospina vestimentifera  
lphionella risensis 
Lepidonotopodium  alalantae  
Lepidonotopodium  riftense 
Lepidonotopodium  williamsae 
Levensteiniella kincaidi 
Levensteiniella p lica ta  
Nicomache arwidssoni 
N ereis sandersi 
O asisia alvinae  
O phryotrocha akessoni 
O pisthotrochopodus alvinus 
Paralvinella pandorae  
Paraonid sp.
Spionid sp.
Tevnia jerichonana  
Unidentified polychaetes 
Clitellata 
Oligochaeta
Train Station
PI P2 P5 P6 P9 A B
32 6 15 18 9 4 4
0 0 0 0 0 0 0
0 0 0 1 0 0 1
99 95 77 124 148 347 183
1 3 0 7 9 45 2
0 0 0 0 0 0 0
0 0 0 1 1 0 0
1 0 0 2 1 2 0
0 0 0 0 0 0 0
0 1 0 0 0 0 0
1 2 0 2 2 12 2
0 0 0 0 0 0 0
0 0 0 0 0 0 1
0 0 0 0 0 1 0
1 0 1 1 0 0 0
6 1 0 4 4 4 1
0 0 1 0 0 0 0
0 0 0 0 0 0 0
0 2 0 2 1 0 1
0 0 0 0 0 1 0
184 28 346 127 166 117 256
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 1 0 0 0 0
0 0 0 0 0 0 1
East Wall
PI P2 P4 P5 P9 A
33 11 5 3 3 1
0 0 0 0 0 2
1 0 0 0 0 0
384 109 352 262 201 300
15 8 1 45 4 53
0 0 0 0 0 0
0 0 0 0 0 0
2 0 0 0 0 2
0 0 0 0 0 0
0 0 0 0 0 0
8 7 3 23 2 40
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
3 1 1 0 0 2
1 2 2 2 1 3
1 0 0 1 0 1
0 0 0 0 0 0
3 1 1 0 1 9
0 0 0 0 0 0
86 29 23 19 42 238
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0  0 0 0 2
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
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PHYLUM
Taxon PI
MOLLUSCA
Aplacophora
Aplacophoran sp. 1 0
Aplacophoran sp. 2 0
Gastropoda
Bathym argarites sym plector  0
Clypeosectus delectus 0
Cyathermia naticoides 2
D epressigyra plan ispira  0
Eulepetopsis vitrea  2
G orgoleptis patu lus  0
G orgoleptis sp iralis  0
Lepetodrilus elevatus 752
Lepetodrilus ovalis  11
Lepetodrilus pustulosus 4
N odopelta subnoda  2
Pachyderm ia laevis  0
Peltospira delicata 2
Peltospira operculata  1
Provanna crosshatch 0
Provanna elongate 0
Provanna ios 0
Rhynchopelta concentrica  0
Bivalva
B aihym odiolus therm ophilus 0
<5mm
Calyptogena magnifica 0
ARTHROPODA
Alvinocaris lusca 0
Amphipod sp. 1 0
Amphipod sp. 2 0
Barnacle 0
Bythograea thermydron j uven i 1 e 0 
D ahlella caldariensis 0
Isopoda sp. 1 0
Isopoda sp. 2 0
Tanaid 0
Ventiella sulfuris 401
ECHINODERMATA
Ophiuroid 0
Train Station
P2 P5 P6 P9 A B
1 0 0 1 0 0
0 0 0 0 3 0
0 0 1 0 4 0
0 0 0 0 0 0
1 155 0 0 0 236
0 0 0 0 0 0
3 0 8 9 29 11
0 0 0 0 0 0
0 0 0 0 0 0
796 942 505 1043 3475 1833
6 1 12 4 122 27
6 6 0 0 25 2
0 0 0 0 0 0
0 0 0 0 0 0
2 3 1 1 0 0
0 0 0 1 0 0
0 0 1 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 2 0 1 0
0 0 0 0 0 0
0 0 0 1 0 0
0 0 0 2 0 2
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
1 0 0 0 0 0
0 0 0 0 0 0
0 0 1 0 0 0
0 0 0 0 0 0
31 301 951 89 32 170
0 0 0 0 0 1
East Wall
PI P2 P4 P5 P9 A
3 0 0 3 0 8
4 1 2 2 0 2
0 0 0 0 0 9
0 0 0 0 0 0
1 0 0 0 0 0
2 0 0 0 0 0
12 11 18 8 1 30
0 0 0 0 0 0
1 3 3 1 0 0
918 685 298 215 2338 554
23 10 18 62 2 145
6 1 0 1 0 22
0 0 0 0 0 0
0 2 1 0 0 2
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 1
9 1 0 0 1 62
0 1 3 1 0 0
0 0 0 0 0 0
1 0 0 0 1 1
0 0 0 0 0 0
0 0 0 1 0 0
0 0 0 0 0 0
0 0 0 0 0 1
0 0 3 0 3 4
0 0 0 0 0 1
0 0 0 0 0 0
0 0 0 0 0 0
161 85 1753 791 716 40
0 1 1 0 0 0
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Total Number o f  Individuals 
Total Number o f  Species 
Mussel Volume (L) 
Abundance per L mussels
1470 979 1834 1752 1483 4220 2728
17 17 12 20 18 17 18
2.70 2.25 1.75 2.05 2.95 7.70 6.35
544 435 1048 855 503 548 430
1644 957 2482 1437 3313 1532
23 19 18 17 14 27
3.10 1.15 2.40 3.10 3.40 6.05
530 832 1034 464 974 253
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PHYLUM  
Tax on
NEMERTEA
Nemertea sp. 1
Nemertea sp. 2
PLATYHELMINTHES
Turbellaria
ANNELIDA
Polychaeta
Amphisamytha galapagensis
Archinome rosacea
Branchinotogluma sandersi
F labelligella  sp.
G alapagom ystides aristata
Glycerid sp.
H esiolyra bergi
H esiospina vestimentifera
Iphionella risensis
Lepidonotopodium atalantae
Lepidonotopodium  riftense
Lepidonotopodium  william sae
Levensteiniella kincaidi
Levensteiniella p lica ta
Nicomache arw idssoni
N ereis sandersi
O asisia alvinae
O phryotrocha akessoni
O pisthotrochopodus alvinus
Paralvinella pandorae
Paraonid sp.
Spionid sp.
Tevnia jerichonana  
Unidentified polychaetes
Clitellata
Oligochaeta
MOLLUSCA
Aplacophora
Aplacophoran sp. 1
Aplacophoran sp. 2
Gastropoda
Bathym argarites sym plector
Clypeosectus delectus
APPENDIX A (Continued)
Biovent
PI P2 P3 P5 P 6 P9 A
1 6 0 10 0 22 15
0 1 0 0 1 0 0
1 0 1 0 1 3 0
319 661 269 391 342 342 401
28 60 47 19 23 26 61
0 1 2 0 1 2 0
0 0 0 0 0 0 0
0 0 0 0 0 0 1
0 1 0 0 0 0 0
0 0 0 0 0 0 0
5 16 14 7 4 6 15
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 1 0 1 0 1 0
0 1 0 0 1 0 1
2 2 3 4 2 7 3
0 2 0 0 1 0 0
0 0 0 0 0 0 3
10 7 7 9 1 3 16
0 0 0 0 0 1 2
14 64 17 156 125 98 55
0 0 0 6 3 0 4
0 0 0 0 0 0 1
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 1
0 0 0 0 1 0 0
0 0 0 0 0 0 0
2 3 5 0 2 3 4
2 0 1 0 0 0 0
0 0 2 2 1 0 1
1 0 1 0 1 0 0
M ussel Bed
PI P2 P3 P5 P6 P9
0 2 0 12 16 0
0 0 0 0 0 6
0 3 2 0 0 0
165 170 280 31 69 64
208 36 83 8 3 20
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 1 0 0 0 0
0 0 0 0 0 0
39 7 12 1 5 1
3 0 1 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
2 0 0 0 0 0
13 4 4 1 0 0
4 1 0 0 0 0
0 0 1 0 0 0
5 9 6 0 0 0
0 0 0 0 0 0
40 46 101 38 58 15
0 2 0 0 0 2
0 0 0 0 0 0
0 0 0 0 1 0
1 0 1 1 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
3 0 0 0 0 0
0 0 0 0 0 0
0 0 5 0 0 0
0 0 0 0 0 0
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PHYLUM Biovent M ussel Bed
Taxon PI P2 P3
Cyathermia naticoides 0 0 0
D epressigyra p lanispira 0 0 0
Eulepetopsis vitrea 2 4 10
G orgoleptis patulus 0 5 0
G orgoleptis sp ira lis 1 0 0
L epetodrilus elevatus 744 427 108
Lepetodrilus ovalis 10 194 67
Lepetodrilus pustulosus 0 0 0
N odopelta subnoda 0 0 0
Pachyderm ia laevis 0 0 0
Peltospira delicata 0 0 22
Peltospira operculata 0 0 0
Provanna  crosshatch 0 0 0
Provanna  elongate 0 1 0
Provanna ios 0 0 0
Rhynchopelta concentrica 0 0 0
Bivalva
Bathymodiolus thermophilus 0 0 0
<5 mm
Calyptogena magnifica 0 0 0
ARTHROPODA
A lvinocaris lusca 0 0 0
Amphipod sp. 1 1 0 3
Amphipod sp. 2 0 0 0
Barnacle 0 0 0
Bythograea thermydron  juvenile 0 0 0
Dahlel/a caldariensis 2 0 0
Isopoda sp. 1 0 0 1
Isopoda sp. 2 0 0 0
Tanaid 0 0 0
Ventiella sulfuris 1 0 0
ECHINODERMATA
Ophiuroid 0 0 0
Total Number o f  Individuals 1144 1450 579
Total Number o f  Species 18 19 18
Mussel Volume (L) 2.85 3.50 1.7C
Abundance per L mussels 401 414 341
P5 P6 P9 A PI P2 P3 P5 P6
0 1 0 4 0 1 0 1 0
0 0 0 0 0 0 0 1 0
11 8 1 23 20 36 49 0 3
0 0 0 0 0 0 0 0 0
1 3 0 4 0 1 0 0 0
875 706 1151 1437 59 84 69 63 92
116 163 36 106 51 142 118 17 13
0 1 4 11 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
1 0 0 11 0 0 0 0 0
0 1 0 9 0 0 0 0 0
0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 0
1 1 1 1 5 9 1 0 0
0 0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
2 4 0 0 2 0 1 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 1 0
0 1 6 2 51 7 6 41 63
0 0 0 0 1 0 0 0 0
1603 1397 1689 2179 670 556 739 204 307
18 26 19 28 19 18 18 13 10
3.40 3.20 2.90 3.90 2.95 2.10 2.80 1.40 1.7(
471 437 582 559 227 265 264 146 181
P9
0
0
20
0
0
21
44
0
0
0
0
0
0
0
0
0
0
0
0
26
0
0
0
0
0
0
0
23
0
236
1 1
2.60
91
60
APPENDIX B
Appendix 2. East Pacific Rise 11N species-abundance matrix (not standardized to sample 
volume) and sample-volume data. BF = Buckfield; FZ = Flo Zone; A, B = qualitative 
sample; Indet. = indeterminate
PHYLUM
Taxon PI P2 P3 P4
Buckfield 
P5 P6 P7 P8 A B
CNIDARIA
Anemone 0 0 1 0 0 0 0 1 0 0
NEMERTEA
Nemertea sp. 1 0 0 0 0 0 0 0 0 0 8
PLATYHELMINTES
Turbellarian 0 0 1 0 0 0 0 0 0 0
ANNELIDA
Polychaeta
Amphisamytha galapagensis 158 213 326 258 242 155 255 188 142 334
Archinome rosacea 0 0 0 0 1 0 6 1 7 0
Cirratulid sp. 0 0 0 0 0 0 0 0 0 0
Galapagomystides aristata 0 1 0 0 0 0 0 0 0 0
Glycerid sp. 0 0 0 0 0 0 0 0 0 0
Hesiospina vestimentifera 2 1 0 0 2 3 1 2 8 3
Lepidonotopodium atalantae 0 0 5 3 0 1 0 0 2 1
Lepidonotopodium williamsae 0 1 2 0 0 0 0 0 0 2
Levensteiniella kincaidi 0 0 0 0 4 0 4 0 0 0
Nereis sandersi 1 3 0 0 0 1 2 5 1 1
Nicomache arwidssoni 0 0 2 0 0 0 0 0 0 0
Ophryotrocha akessoni 606 471 864 1187 795 538 450 342 439 886
Opisthotrochopodus alvinus 0 4 11 0 0 1 0 6 0 0
Orbiniid sp. 0 0 0 0 1 0 0 0 0 0
Spionid sp. 0 0 0 0 1 0 1 0 0 0
MOLLUSCA
Aplacophora
Aplacophora sp. 1 0 0 0 0 1 0 0 0 0 0
Aplocophora sp. 2 0 0 0 0 0 0 1 0 0 1
Gastropoda
Bathy mar gar ites symp lector 0 0 0 0 1 0 2 0 2 0
Cyathermia naticoides 0 0 0 1 1 1 0 0 0 1
Eulepetopsis vitrea 6 10 5 7 11 5 19 14 8 16
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PHYLUM
Taxon PI P2 P3 P4
Buckfield 
P5 P6 P7 P8 A B
Gorgoleptis emarginatus 0 2 0 0 0 0 0 0 0 0
Gorgoleptis spiralis 0 0 0 0 0 0 1 0 0 1
Lepetodrilus elevatus 50 280 267 457 72 124 67 173 178 487
Lepetodrilus ovalis 3 6 1 3 0 1 7 0 2 6
Lepetodrilus pustulosus 0 0 9 6 0 1 0 0 56 36
Neomphalus fiAetterae 0 0 0 0 0 0 0 0 1 0
Pachydermia laevis 0 0 0 1 2 0 6 2 3 0
Provanna ios 0 0 0 1 0 0 0 0 0 0
Provanna cf. lineated 0 0 0 0 0 0 1 1 0 0
ARTHROPODA
Alvinocaris sp. 0 0 0 0 0 0 0 0 0 0
Amphipod A 0 2 2 0 0 0 0 0 0 0
Amphipod D 0 0 0 0 0 0 0 0 0 0
Amphipod E 0 0 0 0 0 0 0 0 0 0
Amphipod F 0 0 0 0 0 0 0 0 0 0
Dahlella caldariensis 65 27 161 136 24 54 20 19 26 99
Ventiella sulfur is 1 10 63 350 3 45 3 7 9 34
ECHINODERMATA
Ophiuroid 0 0 0 0 2 0 2 0 0 0
Total Number of Individuals 734 818 1392 2152 920 775 587 571 735 1574
Total Number o f Species 9 14 15 12 16 13 18 13 15 16
Mussel Volume (L) 2.8 2.55 2.7 2.55 1.7 2.2 2.75 2.65 6.65 3.15
Abundance per L mussels 262 321 516 844 541 352 213 215 111 500
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PHYLUM 
Taxon 
CNIDARIA 
Anemone 
NEMERTEA 
Nemertea sp. 1 
PLATYHELMINTES 
Turbellarian 
ANNELIDA 
Polychaeta 
Amphisamytha galapagensis 
Archinome rosacea 
Cirratulid sp.
Galapagomyslides aristata 
Glycerid sp.
Hesiospina vestimentifera 
Lepidonotopodium atalantae 
Lepidonotopodium williamsae 
Levensteiniella kincaidi 
Nereis sandersi 
Nicomache ai^vidssoni 
Ophryotrocha akessoni 
Opisthotrochopodus alvinus 
Orbiniid sp.
Spionid sp.
MOLLUSCA 
Aplacophora 
Aplacophora sp. 1 
Aplocophora sp. 2 
Gastropoda 
Bathymargarites symplector 
Cyathermia naticoides 
Eulepetopsis vitrea 
Gorgoleptis emarginatus 
Gorgoleptis spiralis 
Lepetodrilus elevatus 
Lepetodrilus ovalis 
Lepetodrilus pustulosus
APPENDIX B (Continued)
Flo Zone
PI P2 P3 P4 A
0 0 0 0 0
0 0 0 8 12
0 0 0 0 0
160 215 190 132 450
0 1 43 0 19
0 0 0 0 6
2 0 0 0 0
0 0 1 0 0
1 3 9 0 13
0 1 0 1 9
1 0 1 2 0
0 5 0 1 0
0 0 4 3 3
0 0 0 0 0
257 314 373 193 620
2 0 2 1 5
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 2 2 0 3
0 0 0 0 1
0 0 0 0 0
6 12 75 10 36
0 0 0 0 0
0 2 1 0 0
220 39 26 249 186
3 13 30 4 39
5 1 0 18 14
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PHYLUM Flo Zone
Taxon PI P2 P3 P4
Neomphalus fretterae 0 0 0 0
Pachydermia laevis 0 0 0 2
Provanna ios 0 0 0 0
Provanna cf. lineated 0 0 0 0
ARTHROPODA
Alvinocaris sp. 1 0 0 0
Amphipod A 0 0 1 0
Amphipod D 0 0 1 0
Amphipod E 0 1 0 0
Amphipod F 0 0 1 0
Dahlella caldariensis 13 7 31 29
Ventiella sulfuris 7 6 2 12
ECHINODERMATA
Ophiuroid 0 0 6 0
Total Number o f Individuals 518 406 566 525
Total Number o f Species 13 15 19 15
Mussel Volume (L) 1.55 2.7 3 3.2
Abundance per L mussels 334 150 189 164
A
0
1
2
0
0
0
0
0
0
18
11
11
972
20
9.35
104
64
REFERENCES
Baker ET, German CR, Elderfield H (1995) Hydrothermal plumes over spreading-center 
axes: Global distributions and geological inferences. In: Humphris SE,
Zierenberg RA, Mullineaux LS, Thomson RE (eds) Seafloor Hydrothermal 
Systems: Physical, Chemical, and Geochemical Interactions. Geological 
Monograph 91, Am. Geophys. Union, Washington, DC, pp. 47-71 
Belanger C, Cardinal A (1977) Stades initiaux de colonsation de substrats durs dans la 
Baie-des-Chaleurs, Quebec. Mar Biol 44: 27-38 
Brooks JM, Kennicutt, MC, Bidigare RR, Fay RA (1986) Hydrates, oil seepage and
chemosynthetic communities on the Gulf of Mexico slope. EOS Trans AGU 66: 
106
Buchanan JB, Sheader M, Kingston PR (1978) Sources of variability in the benthic
macrofauna off the south Northumberland coast, 1971-1976. J Mar Biol Assoc 
UK 58: 191-210
Butterfield DA, Jonasson IR, Massot GJ, Feely RA, Roe RE, Embley RE, Holden JF, 
McDuff RE, Lilley MD, Delaney JR (1997) Seafloor eruptions and evolution of 
hydrothermal chemistry. Philos Trans R Soc Lond A 355:369-386 
Chapman MG, Underwood AJ (1994) Dispersal of the intertidal snail, Nodilittorina
pyramidalis in response to the topographic complexity of the substratum. J Exp 
Mar Biol Ecol 179: 145-169 
Chevaldonne P (1996) Ecolgie des cheminees hydrothermales actives. These de 
Doctorat. Universite de la Mediterranee, Marseille, France
65
Clarke KR, Gorley RN (2001) PRIMER v5: User Manual/Tutorial. PRIMER-E Ltd., 
Plymouth, UK
Clarke KR, Warwick RM (2001) Change in marine communities: an approach to 
statistical analysis and interpretation. PRIMER-E Ltd, Plymouth, UK 
Colwell, RK (1997) EstimateS: Statistical estimation of species richness and shared 
species from samples. Version 5. User's Guide and application published at: 
http ://viceroy. eeb .uconn.edu/estimates 
Colwell RK, Coddington JA (1994) Estimating terrestrial biodiversity through 
extrapolation. Phil Trans Roy Soc Lond (Ser B) 345:101-118 
Connell JH, Orias E (1971) The ecological regulation of species diversity. Am Nat 98: 
399-414
Connell JH, Sousa WP (1983) On the evidence needed to judge ecological stability or 
resistance. Am Nat 121: 789-824 
Copley JTP, Tyler PA, Murton BJ, Van Dover CL (1997) Spatial and interannual
variation in the faunal distribution at Broken Spur vent field (29°N, Mid-Atlantic 
Ridge). Mar Biol 129:723-733 
Copley JTP, Tyler PA, Van Dover CL, Schultz A, Dickson P, Singh S, Sulanowska M 
(1999) Subannual temporal variation in faunal distributions at the TAG 
hydrothermal mound (26°N, Mid-Atlantic Ridge). Mar Ecol 20:291-306
Crane K, Ballard RD (1980) The Galapagos Rift at 86°W: 4. Structure and morphology 
of hydrothermal fields and their relationship to volcanic and tectonic processes of 
the Rift Valley. J Geogr Res 85: 1443-1454 
Dai CF (1993) Patterns of coral distribution and benthic space partitioning on the fringe 
reefs of Southern Taiwan. PSZN I: Mar Ecol 14 (3): 185-204 
Dando P, Juniper SK (2001) Management and conservation of hydrothermal vent 
ecosystems. InterRIDGE Workshop Report, InterRIDGE, Tokyo, Japan 
Davis N, VanBlaricom GR (1978) Spatial and temporal heterogeneity in a sand bottom 
epifaunal community of invertebrates in shallow water. Limnol Oceanogr 23: 
417-427
Dayton PK (1971) Competition, disturbance, and community organization: the provision 
and subsequent utilization of space in a rocky intertidal community. Ecol Monogr 
41(4): 351-389
Delaney JR, Kelley DS, Lilley MD, Butterfield DA, Baross JA, Wilcock WSD, Embley 
RW, Summit M (1998) The quantum event of oceanic crustal accretion: Impacts 
of diking at mid-ocean ridges. Science 281:222-230 
Dudgeon S, Petraitis PS (2001) Scale-dependent recruitment and divergence of intertidal 
communities. Ecology 82:991-1006 
Dunbar MJ (1960) The evolution of stability in marine environments. Natural selection 
at the level of the ecosystem. Am Nat 94: 129-136
67
Embley RW, Chadwick WW Jr (1994) Volcanic and hydrothermal processes associated 
with a recent phase of seafloor spreading at the Northern Cleft Segment: Juan de 
Fuca Ridge. J Geophys Res 99: 4741-476
Fager EW (1964) Marine sediments: Effects of a tube-building polychaete. Science 143: 
356-359
Fiala-Medioni A (1984) Mise en evidence par microscopie electronique a transmission de 
l'abondance de bactaries symbiotiques dans la branchie de mollusques bivalves de 
sources hydrothermales profondes. CR Acad Sci Paris 298 :487-492
Fischer AG (1960) Latitudinal variations in organic diversity. Evolution 14 : 64-81
Fouquet Y, Auzende J-M, Ballu V, Batiza R, Bideau D, Cormier MH, Geistdoerfer P, 
Lagabrielle Y, Sinton J, Spadea P (1994) Variabilite des manifestations 
hydrothermales actuelles le long d'une dorsale ultra-rapide: exemple de la Dorsale 
Est Pacifique entre 171Setl91S (campagne NAUDUR). C R Acad Sci Paris, Ser 
H 319:1399-1406
Fustec A, Desbruyeres D, Juniper SK (1987) Deep-sea hydrothermal vent communities 
at 13 IN on the East Pacific Rise: microdistribution and temporal variations. Biol 
Oceanogr 4:121-164
Grassle JF (1986) The ecology of deep-sea hydrothermal vent communities. Adv Mar 
Biol 23:301-362
68
Gray JS, Valderhaug V, Ugland KI (1985) The stability of a benthic community of soft 
sediment. In : Gibbs PE (ed) Proceedings of the 19th European Marine Biology 
Symposium, Plymouth, Devon, UK, 16-21 September 1984, Cambridge 
University Press, NY, pp 245-254 
Grimm V, Schmidt E, Wissel C (1992) On the application of stability concepts in 
ecology. Ecol Model 63: 143-161 
Hayek L-A, Buzas MA (1997) Surveying natural populations. Columbia University 
Press, New York, New York 
Haymon RM, Macdonald KC (1985) The geology of deep-sea hot springs. Am Sci 73: 
441-449
Haymon RM, Fomari D, Edwards E, Carbotte S, Wright D, Macdonald KC (1991)
Hydrothermal vent distribution along the East Pacific Rise crest (9o09-54'N) and 
its relationship to magmatic and tectonic processes on fast-spreading mid-ocean 
ridges. Earth Planet Sci Lett 104: 513-534 
Haymon RM, Fomari DJ, Von Damm KL, Lilley MD, Perfit MR, Edmond JM, Shanks 
WC HI, Lutz RA, Grebmeier JM, Carbotte S, Wright D, McLaughlin E, Smith M, 
Beedle N, Olson E (1993) Volcanic emption of the mid-ocean ridge along the 
East Pacific Rise crest at 9o45-52'N: Direct submersible observations of seafloor 
phenomena associated with an emption event in April, 1991. Earth Planet Sci Lett 
119:85-101
69
Hecker B (1985) Fauna from a cold sulfur-seep in the Gulf of Mexico: Comparison with 
hydrothermal vent communities and evolutionary implications. Biol Soc Wash 
Bull 6: 465-473
Hessler RR, Smithey WM Jr (1983) The distribution and community structure of
megafauna at the Galapagos Rift hydrothermal vents. In: Rona PA, Bostrom K, 
Laubier L, Smith, K Jr. (eds) Hydrothermal Processes at Seafloor Spreading 
Centers, Plenum Press, NY, p 735-770
Hessler RR, Smithey WM Jr, Keller CH (1985) Spatial and temporal variation of giant
clams, tubeworms and mussels at deep-sea hydrothermal vents. In: Jones ML (ed) 
The hydrothermal vents of the eastern Pacific: an overview. Bull Biol Soc Wash 
6:411-428
Hessler RR, Smithey WM, Boudrias MA, Keller CH, Lutz RA, Childress JJ (1988)
Temporal change in megafauna at the Rose Garden hydrothermal vent (Galapagos 
Rift; eastern tropical Pacific). Deep-Sea Res 35:1681-1709
Holling CS (1973) Resilience and stability in ecological systems. Annu Rev Ecol Syst 4: 
1-23
Horn HS (1976) Succession principles and applications. In: May RM (ed) Theoretical 
ecology. WB Saunders, Philadelphia, p 187-204
Hunt HL, Scheibling RE (1995) Structure and dynamics of mussel patches in tidepools on 
a rocky shore in Nova Scotia, Canada. Mar Ecol Prog Ser 124: 105-115
Hunt HL, Scheibling RE (1998) Spatial and temporal variability of patterns of
colonization by mussels (Mytilus trossulus, M. edulis) on a wave-exposed rocky 
shore. Mar Ecol Prog Ser 167: 155-169 
Iwasaki K (1995) Comparison of mussel bed community between two intertidal mytilids 
Septifer virgatus and Hormomya mutabilis. Mar Biol 123: 109-119 
Johnson KS, Childress JJ, Beehler CL, Sakamoto CM (1994) Biogeochemistry of
hydrothermal vent mussel communities: the deep-sea analog to the intertidal zone. 
Deep-Sea Res 41:993-l011 
Jollivet D, Faugeres J-C, Griboulard R, Desbruyeres D, Blanc G (1990) Composition and 
spatial organization of a cold seep community on the South Barbados accretionary 
prism: tectonic, geochemical and sedimentary context. Prog Oceanog 24: 24-45 
Jofeson A (1981) Persistence and structure of two deep macrobenthic communities in the 
Skagerrak (west coast of Sweden). J Exp Mar Biol Ecol 50: 63-97 
Juniper SK, Tunnicliffe V (1997) Crustal accretion and the hot vent ecosystem. Phil 
Trans R Soc Lond A 355:459-474 
Klitgord KD, Mudie JD (1974) The Galapagos spreading center: a near-bottom 
geophysical survey. Geophys J R Astr Soc 38: 563-586 
Klopfer PH (1959) Environmental determinants of faunal diversity. Am Nat 93: 337-342 
Lawrie SM, McQuaid CD (2001) Scales of mussel bed complexity: structure, associated 
biota and recruitment. J Exp Mar Biol Ecol 257: 135-161
Levin LA, Etter RJ, Rex MA, Gooday AJ, Smith CR, Pineda J, Stuart CT, Hessler RR, 
Pawson D (2001) Environmental influences on regional deep-sea species 
diversity. Annu Rev Ecol Syst 32:51-93 
Lewonton RC (1969) The meaning of stability. Diversity and stability in ecological 
systems. Brookhaven Symposia in Biology 22: 13-24 
Lintas C, Seed R (1994) Spatial variation in the fauna associated with Mytilus edulis on a 
wave-exposed rocky shore. J Molluscan Stud 60: 165-174 
Lubchenco J, Menge BA (1978) Community development and persistence in a low rocky 
intertidal zone. Ecol Monogr 59: 67-94 
Lutz RA, Shank TM, Fomari DJ, Haymon RM, Lilley MD, Von Damm, KL, Desbruyeres 
D (1994) Rapid growth at deep-sea vents. Nature 371:663-664 
Malakoff D (2000) Academy Panel Backs Sea?Floor Observatories. Science 289: 522 
Margalef R (1969) Diversity and stability: A practical proposal and a model of
interdependence. In: Diversity and stability in ecological systems, Brookhaven 
Symp Biol no.22, Brookhaven National Laboratories, National Bureau of 
Standards, Springfield, VA, pp 25-37 
Marsh AG, Mullineaux LS, Young CM, Manahan DT (2001) Larval dispersal potential of 
the tubeworm Riftia pachyptila at deep-sea hydrothermal vents. Nature 411:77-80 
May RM (1973) Stability and complexity in model ecosystems. Princeton University 
Press, Princeton
McKindsey CW, Bourget E (2000) Explaining mesoscale variation in intertidal mussel 
community stmcture. Mar Ecol Prog Ser 205: 155-170
Mevel C, Auzende J, Cannat M, Donval J-P, Dubois J, Fouuquet Y, Gente P. Grimaud D, 
Karson JA, Segonzac M, Stievenard M (1989) La ride du Snake Pit (dorsale 
medio-Atlantique, 23°22rN): Resultats preliminaries de la campagne 
HYDROSNAKE. C.R. Acad Sci Paris 308: 545-552 
Menconi ML, Benedetti-Cecchi L, Cinelli F (1999) Spatial and temporal variability in the 
distribution of algae and invertebrates on rocky shores in the northwest 
Mediterranean. J Exp Mar Biol Ecol 233:1-23 
Menge BA, Branch GM (2001) Rocky intertidal communities. In: Bertness MD, Gaines 
SD, Hay ME (eds) Marine Community Ecology, Sinauer Assoc. Inc, pp 221-251. 
Mullineaux L, France S (1995) Dispersal mechanisms of deep-sea hydrothermal vent
fauna. In: Humphris SE, Zierenberg R, Mullineaux L, Thomson R (Eds) Seafloor 
Hydrothermal Systems: Physical, Chemical, Biological, and Geological 
Interactions. Geophys Monogr 91, Am Geophys Union, Washington DC, pp 
408-424
Mullineaux LS, Fisher CR, Peterson CH, Schaeffer SW (2000) Tubeworm succession at 
hydrothermal vents: use of biogenic cues to reduce habitat selection error? 
Oecologia 123:275-284 
Nybakken JW (1988) Marine biology: an ecological approach, 2nd edn. Harper & Row 
Publishers, New York 
Olu K, Sibuet M, Harmegnies F, Foucher J-P, Fiala-Medioni A (1996) Spatial 
distribution of diverse cold seep communities living on various diapatric 
structures of the southern Barbados prism. Prog Oceanog 38: 347-376
Ong Che RG, Morton B (1992) Structure and seasonal variation in abundance of the 
macroinvertebrate community associated with Septifer virgatus (Bivalvia: 
Mytilidae) at Cape d'Aguilar, Hong Kong. Asian Mar Biol 9: 217-233 
Orians GH (1975) Diversity, stability and maturity in natural ecosystems. In: Van
Dobben WH, Lowe-McConnell (eds) Unifying concepts in ecology. Junk W, The 
Hague, pp 139-150
Paine RT (1966) Food web complexity and species diversity. Am Nat 100: 65-75 
Pearson TH (1975) The benthic ecology of Loch Linnhe and Loch Eli, a sea-loch system 
on the west coast of Scotland. IV. Changes in the benthic fauna attributable to 
organic enrichment. J Exp Mar Biol Ecol 20: 1-41 
Pimm SL (1984) The complexity and stability of ecosystems. Nature 307: 321-326 
Rodriguez SR, Ojeda FP, InestrosaNC (1993) Settlement of benthic marine invertebrates.
Mar Ecol Prog Ser 97: 193-207 
Saier B (2002) Subtidal and intertidal mussel beds (Mytilus edulis L.) in the Wadden Sea: 
diversity differences of associated epifaunal. Helgo Mar Res 56: 44-50 
Sarrazin, J, Juniper SK (1999) Biological characteristics of a hydrothermal edifice mosaic 
community. Mar Ecol Prog Ser 185:1-19 
Sarrazin J, Robigou V, Juniper SK, Delaney JR (1997) Biological and geological
dynamics over four years on a high-temperature sulfide structure at the Juan de 
Fuca Ridge hydrothermal observatory. Mar Ecol Prog Ser 153:5-24 
Seed R (1996) Patterns of biodiversity in the macro-invertebrate fauna associated with 
mussel patches on rocky shores. J Mar Biol Assoc UK 76: 203-210
74
Shank TM, Fomari DJ, Von Damm KL, Lilley MD, Haymon RM, Lutz RA (1998)
Temporal and spatial patterns of biological community development at nascent 
deep-sea hydrothermal vents (9°N, East Pacific Rise). Deep-Sea Res II 
45:465-516
Smith KL Jr (1985) Deep-sea hydrothermal vent mussels: nutritional state and 
distribution at the Galapagos Rift. Ecology 66:1067-1080 
Suchanek TH (1979) The Mytilus califomianus community: studies on the composition, 
stmcture, organization, and dynamics of a mussel bed. PhD thesis, University of 
Washington, Seattle
Tanner JE, Hughes TP, Connell JH (1994) Species coexistence, keystone species, and 
succession a sensitivity analysis. Ecology: 75(8): 2204-2219 
Thompson G, Bryan WB, Humphris SE (1989) Axial volcanism on the East Pacific Rise, 
10-12 degrees N. In: Saunders AD, Norry MJ (eds) Magmatism in the ocean 
basins Geological Society Special Publications 42:181-200 
Tsuchiya M (2002) Faunal stmctures associated with patches of mussels on East Asian 
coasts. Helgol Mar Res 56: 31-36 
Tsuchiya M, Bellan-Santini D (1989) Vertical distribution of shallow rocky shore
organisms and community structure of mussel beds (Mytilus galloprovincialis) 
along the coast of Marseille, France. Bull Mus His Nat Mars 49: 91-110 
Tsuchiya M, Nishihira M (1985) Islands of Mytilus edulis as a habitat for small intertidal 
animals; effect of island size on community stmcture. Mar Ecol Prog Ser 25: 
71-81
Tsuchiya M, Nishihira M (1986) Islands of Mytilus edulis as a habitat for small intertidal 
animals, effect of Mytilus age structure on the species composition of the 
associated fauna and community organization. Mar Ecol Prog Ser 31: 171-178 
Tsurumi M, Tunnicliffe V (2001) Characteristics of a hydrothermal vent assemblage on a 
volcanically active segment of Juan de Fuca Ridge, northeast Pacific. Can J Fish 
Aquat Sci 58:530-542 
Tunnicliffe V (1988) Biogeography and evolution of hydrothermal-vent fauna in the 
eastern Pacific Ocean. Proc Roy Soc Lond B 233:347-366 
Tunnicliffe V, Fowler CMR (1996) Influence of sea-floor spreading on the global 
hydrothermal vent fauna. Nature 379:531-533 
Tunnicliffe V, McArthur AG, McHugh D (1998) Biogeographical perspective of the 
deep-sea hydrothermal vent fauna. Adv Mar Biol 34:353-442 
Tunnicliffe V, Embley RW, Holden JF, Butterfield DA, Massoth GJ, Juniper SK (1997) 
Biological colonization of new hydrothermal vents following an eruption on Juan 
de Fuca Ridge. Deep-Sea Res I 44:1627-1644 
Van Dover CL (2000) The ecology of deep-sea hydrothermal vents. Princeton University 
Press, Princeton
Van Dover CL (2002) Community structure in deep-sea hydrothermal vent mussel beds.
Mar Ecol Prog Ser 230:137-158 
Van Dover CL (2003) Variation in community structure within hydrothermal vent mussel 
beds on the East Pacific Rise. Mar Ecol Prog Ser 235:55-66
Van Dover CL, Trask JL (2000) Diversity at deep-sea hydrothermal vent and intertidal 
mussel beds. Mar Ecol Prog Ser 195:169-178 
Van Dover CL, Jenkins CD, Tumipseed M (2001) Corralling of larvae in the deep sea. J 
Mar Biol Assoc UK 81:823-826 
Van Dover CL, Desbruyeres D, Segonzac M, Comtet T, Saldanha L, Fiala-Medioni A, 
Langmuir C (1996) Biology of the Lucky Strike hydrothermal field. Deep-Sea 
Res 143:1509-1529 
Van Dover CL, German CR, Parson LM, Vrijenhoek RC (2002) Evolution and
biogeography of deep-sea vent and seep invertebrates. Science 95:1253-1257 
Voight J.R, Zierenberg RA, McLain J, Batson P, Beers K, Daly M, Dushman B, Gollner 
S, Govenar B, Haney TA, Hourdez S, Liow LH, Parker C, Von Damm K, Zekely 
J (2004) FIELD Cruise to the Northern EPR: Discoveries made during biological 
investigations from 8°37' N to 12°48' N. Ridge 2000 Events 2(1): 22-24 
Von Damm KL, Oosting SE, Kozlowski R, Buttermore LG, Colodner DC, Edmonds HN, 
Edmond JM, Grebmeier JM (1995) Evolution of East Pacific Rise hydrothermal 
vent fluids following a volcanic eruption. Nature 375:47-50 
Von Damm KL, Parker C, Beers K, Govenar B, FIELD03 Science Party (2004) Update 
on the hydrothermal and biological status of the EPR ISS “Bull’s-Eye” at 9° 50'
N. Ridge 2000 Events 2(1): 25-26 
Westman WE (1978) Measuring the inertia and resilience of ecosystems. Bioscience 28
77
Williams GA (1994) The relationship between shade and molluscan grazing in structuring 
communities on a molderately-exposed tropical rocky shore. J Exp Mar Biol Ecol 
178: 79-95
Wolda H (1979) The equilibrium concept and density dependent tests: what does it all mean? 
Oecolgia 81: 430-432
Young DK, Young MW (1978) Community structure of the macrobenthos associated with 
seagrass of the Indian river estuary, Florida. In: Coull BC (ed) Ecology of marine 
benthos. University of South Carolina Press, Columbia, p 359-376
78
VITA
Jennifer Carolyn Drever 
Jennifer Carolyn Gross was bom in Mountain Home, Idaho on September 28, 
1976. She graduated from Mountain Home High School in Mountain Home, Idaho in 
1994. In the Fall of 1994, Jennifer entered the University o f Alaska Fairbanks where she 
received a B.S. in Biological Sciences in December 1998. After receiving her B.S. degree 
and getting married to Arram Dreyer, Jennifer spent three years at the University of 
Hawaii Manoa as a research technician in a polychaete lab on the island of Oahu, Hawaii. 
In 2002, she began her Master’s degree in the laboratory of Cindy Lee Van Dover at the 
College of William and Mary working on hydrothermal vent ecology. During her time in 
Dr. Van Dover’s lab she had the opportunity to dive in the DSV Alvin twice, participate 
in four research cruises, and work in Antarctica. The work presented in this thesis was 
defended in May 2004. Jennifer is currently working for Walker Smith at the Institute of 
Marine Science as a lab technician processing samples taken during cmises to Antarctica 
(IVARS-Interannual Variability in the Ross Sea).
